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ST T FEREAT AT & TR0 H (45 2011CB808904) I [ 5% 15 4% B} 2 5 4 191 H (it #E 5 41274070, 41474068) % )

WE BB AKRELEFEE AR R EFRERTATHAKKEE, SRy | %87

IR AR A DR E L R e R, E B Ry | ALK
EYR, G R N B AR b, AR TR fﬁﬁgﬁ%mx
BT 0 A T SE AR SR A R 0 25, DS B L A KRE | e
BRI EN G BUAAE. WWARES O REQFERE, KB L RKREZ DA | sy
RE LRI HA. B A EAE. BN, P A EHEREENERET: () BHE
GRARNTHEEE2kmESL. (2) FHFKFHHE LM N 6.2~6.6 km/s, AW I E

AAAWEE N 01~02 knis ty Bk 8 TR HJE LM, W4 N 6.9-7.2km/s, # 4 fn

SRR, h 6.7~T.0Kms 70 ok A R, FANIMIE M T, b B TH

F 2 IUM X S AAE. (3) ANITHTZLEM, A M 5 T A, ELE 4y

T B, A NI B E D T F 40 km DUE, Y F A

7. (4) JEEE Moho EIRSE, WHEE NI 47~53 km, F 8 £ LB WAL, FaERY

42~50 km, ShH R 4 38~42 km, H i E Shil, Moho T2 AT 4 %, i Moho T & 25 5 A

(B2)E ZNEERE AL, THE-EDHEEED | RNREERREY LEW

SR, N A M E i

KK it 48 (Large Igneous Provinces, TFKLIPS)  4iE [ & 4 Bk W5 25 R A2 N 55 I /) 1) 4 Rt o
SR DU I a) (— M JLAS B T E) N BB N E (Richards %%, 1989; Campbell A1 Griffiths, 1990;

ISR RIE, RO, XIS, AF. 2015, WRJE LR O AR ST BE S5 A it M A St s ke VLT B A RE PR 0. o R
HuERE}, 45: 561-576

EX5IfAE: XuT, Zhang Z J, Liu B F, et al. 2015. Crusta velocity structure in the Emeishan large igneous province and evidence of the Permian mantle plume
activity. Science China: Earth Sciences, doi: 10.1007/s11430-015-5094-6
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Coffin F1 Eldholm, 1994; 3 X NI, 2002; & MIr%E,
2004; SKIASEEE, 2007). 1F ek b o ) s oK s
KOEH, LIPsicsg T Mk 5 —45 e I S i B =9
JFR B8 S MR N R ) AR, JLTE RS ek R
MR B K g, XA () R 7 B R 1)
TE R & 255 BAT B DI O &R, PRI A2 R R 27 4
I F K RIF TR A 2 — (Campbell 1 Griffiths, 1990;
Chung F1 Jahn, 1995; Xu %%, 2001, 2004, 2007; Ali
45, 2005; Lo %%, 2002; KSR 5%, 2002; 1Rk NI,
2002; % W%, 2001, 2013; He %, 2003).

R AR T B ) K1) 0, b A 0 DAy TLA R b g A
AT A, BT ~259 Malfigk i ok Kois 44 2
5% M — B BR 2 R SR AT R K A A
(Mathoney #1 Coffin, 1997; Courtillot 4%, 1999; &
SCHI%E, 2001, 2013), B 4 A kol g AT
B4 %(Chung 1 Jahn, 1995; He %%, 2003; Xu 4%,
2004; Zhang %, 2006; Wu A1 Zhang, 2012), Hmik
ARG R T W AR A L IRBE AR AN AE )R
RAFAE, Frol)E ok ses A5 7 B WA
HI)Z G (Chung i Jahn, 1995; 44 SCIRIAT &4 f
B, 2001, 5K4F 444, 2006; Ali %%, 2005; Xu %,
2001, 2004, 2007; He %%, 2003, 2006, 2007; Peate #il
Bryan, 2008; Wignall %¥, 2009; # X NI%%, 2013
Zhang Y25, 2013; M54, 2014).

TRAR b B 1) 4 ) 7 vk A LR M Bk 4 BE U
BRIV FH 3t 7% Hh 72 )2 BT AR 7 5 3R A M K P A
i e A b R HE I A I RS, LR
AR Mo 18 A3 19325 % (Courtillot 45, 2003; Lei fl1 Zhao,
2006). T4 3t 18 B A 15 1 7R H4) it 5 350 45 44 2 [
AN AFAE ] E R R OC &R, HL v Mg A v B X
TR I 2 ) DR N [ B AL TT RE AN AR AR, DR Ut
T VEAS 8 35 Tl Mg A 1 %00 (Xu 25, 2004,
2007; Wu A1 Zhang, 2012). -t Z g FAF )
P, Campbel(2001) M\ 1 5 Hb BR 40 2% 77 THI & 45 0 T
KRR Kl 536 T, BURIRE Bl K
LA FH P B AE KL B F A A A A sl i I R ok
AR, A ™= A 5 2R A 2 2 e . R Ll oKk
B A RE AL L = R UUANR bR, B g A
BRI 3RAG) 12 A& A (He %5, 2003; Xu %%, 2004, 2007,
Zhang %, 2006).

p T v b A (10 3 B S A il 2 SR 1 I RS 1)
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LA ISR, DA AR A B b 1) SR R, el 4
S R 10 M o I T R S S M R A B i A 2
K. ESE, B RER LR SR RS A7 1
H S ) R T SO AR NI R A, e T R T g A
YISOy HOCRAE, B B A S gt AR HhER
BRI AR N R I MR BGE JEE  VpIV S
oy LS A el AR TE MR R SR A L T b
DXL IXFPAE A P . G AR 52 N A
Py BJE R A, EBAT 3 I W] A 1A - 3 3 3 1)
ST, AN A I T HERS 7 AEARAS R (1 5. H2E
TR SENG N B AR A, R AR AR AT g A
(RS AR a5 A AT TR PR L. DRI, e N s
e DRERI , AR M 5 K b 10 TH0 0 RS 40 465 44 A1 Ay
SRR MERFAL, A7 B U LR KR 4 R 3 8 A
DA B2 (1t b By P24 AN S F

A SCR) 8 0 1 K KR A I T - B A A -
T BN U5 6 A 1 52 S S 4 S 000 4 T (COMWIDE-
ELIPGUIG) BERE, 38 i o i 3 X 3 7 18 58 &5 44
O SO JEE 1ty M A PR3 Bl P A 2 K

1 Xt 3 ol

U A LK K A A S — KT Bl g b 1) 23S,
AT R B TR 2, H R R 2.5%10° km?,
S e i 118 R L S R A i
AU, VU AN R -an B A, Ak A A e
[ L= /) 4 T e 7 2R (R SCHIRI B b 3K, 2001; Xu
&% 2001, 2004, 2007; He 4, 2003, 2007; Peate #il
Bryan, 2008; #x X NI, 2007, 2013; Wu F1 Zhang
2012; Zhang Y%, 2013). kA 112 il AR =T
iy, BRG] &£ ~259 Ma (Zhou %5, 2002; Zhong
&, 2014). HJE, S401 T EISCAELHIE S Bk
UL, 52 75 98 I 420 52 2 3t B ] 6% 4k (A ssam) T it
BN 25 1 3L 5 /6 B (Armijo 4%, 1989; 7% % 7 4%
2004; Chen %%, 2013). & 2% itiis 50 Iy S0 A H il
Z T A AR T RN, T HE 5 T R A X
s A RFAE.

WA X s MR E N S s, B s R
I JE L& a9 AN . 8 T 6 5 KA 1
JELRE e A i 2 5 B, HeS (2003)iA 0k L7 i
ORAER DAY )G LA WUR Z T A% 5+
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Flk, R hRE FE AE 25 () b SR MR I AR AL, IR BT
1) 2R AR R 4 g 7 o S I P A S 43 S g
R DR R Bk A a7 (K11, He 2§, 2003; Xu %,
2004, 2007). Py o B A 4% = pg v s A DY 1 R,
R KZ1400 km, 5% B 5 141 M2 )5 R 3E 3 /N T
100 m, K#ErHBIX 50 m. s v B4 45 = A5
FUPY AL R4 DX, % X 5 10 41 b 2 5
140 311200~450 m. AR 2 S o b,
J& &£ 4 250~600 m

TN Y7 RN L9050 9 T 5 0 R 1) TR A B 0k i 1K
KBCEE, RIEART N EA, AL, &
b BE A AR B 3K BN A IS BT, K 20650 km(1#]1).
i b Ak 25 B 1 v R, AR — M AE 1500~2000 mL I,
Z A AR LT, Hb TR 3 R M S AR bl A B .
D2 36 Hh 3R SE A B S DU iR, 32 By A -

=¥V SRl o A TR 2E: )Y S IDNITTE AR A (TN
Bl e 9 & A

I V-7 A 5 T PN A B R R e, R BIA Ah
SN e S S w1 TS SR TPV e ) TSI
Wrgdaly . JCUE-SRV VIR, 2. /NI
JB T - /K A (1 2) . WYL/ T IR e — 4 rg b
) V% Bl A s W 24, DL A e s 3l 2 (1) 7 R AR,
2002). FEdgWiRay, LA W, MRRE, Kia
200 km, vErEar A F R, Tt
VT 07 202 )1 1 DX o B2 1) — 4% B AL 1) S B 1K
Wi, bW RS A A 1 S W R (A E A E
HE9H, 2003). 22T KR B2 R AGE T T, 2
R R SR R NGB T el G L N
2007). /MW RN — 4 KIS, Sk 2R
Je A, Howd B S Ak v A 1) 1) VL B 24 R0 20 3]

B 1 B LZRES RN LFFERNE N R 5
SR SRR 1L 2 A A, SO AE N N TR S, O =AM alns, a@as0 ML 2014 50 MB.5 2 1%
TR E . RS RS LK B R At A R R XOF, NTWTZL RRF, 200 4L LI-XIHF, NEVL-/NEimWrdd; CHF, %
HEWTRL, YM-LZIF, JeiE-GEV IR, ANHF, 27 i3, ZMHF, IR WZ; WN-SCF, /K33, ZTF, BRIE WY, LFF, sEiglsd
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U TEASIE, MR T 52 2 0 BT S 3 (1
B, 1008, ATAEVEE, 1007). TR RIT AL T
M BT K R T RN 5 8
M5/ 53 X T 5 (B S84, 2009).

2 WHIL-{ BA T VL A RR AR

2.1 HREHREE

20124E6 H 1y, IR} 2% B i i 5 B sk 4 BT
JIT Y B VT BE A A -0 BRI 2R VY ) I 28 S T 64 A
TR (25 E R HIA 175 TNT, Hl 2y §2.4~3.9
Wh), R 4LA R ok 7 3, M A5 B 60~90
km. 20042k %01 K- 29650 km, 43234 A TRz il
TR FRAT A X 0 i B R IR I e S,
W B ) 1.5~2.0 km([&11), ic 3%k [ HbFE 1 e Ti 5
AR FESE L AN [ Ja M R R 2 R e 34 15 L.

22 FEMAS SR

AR 435 Pg, Pm, PcHIPn. JLrPgly 2 1
Fo4h ML IR SR RIS REAE, R A PmiE
A=K H — 2 5] W Moholfil (1) S 5 s R AH; P A |
L T 1S 555k s B8 S22 AR AT B dpe R A, WO FE 4 8.0~
8.1 km/s; Hbi5'c P 5 — 2 T RE R) T I ) S SR, e
559, AR AAFE R JLA, S APCEA, &
H X R I PL, P2RIP3— 2 56 P S A RE AL

221 PIRPEME L5EE EEH

W) 22 9% PgE AH— MBI R A K 1 7 A 45 i 2R TR
Mo, HEWEBIL+E a2 AR, KRB
WIZRPE, AT LAk [ E b5 1 [R1 T i R s S I 4. M A
AT O S P TS K, AR B K, A B AR A
6.0~6.3 kmV/s. Py AH A I 1 25 S e S 2 iR i 2
JEL PR R b 5 4 i 2 T A TR S 45 A, SR B N ()
REHT i — S MR R L L T P 3 A O

T VT -3 B3 1T 640 4] 2 3 P AH I I, 15 e L
T, WS R AE 2] UG 7 1) S 1Y B 3B 152 60~120 kmZE AT
(E12~7). LL6.0 km/sfi 44518 2, Py AH7E60 kmik (1)
P& e 0.5 shidy, RAHITRIKT, PR T
6.0 km/s/iAi. PgiE A 4 B 1% T Hh % 78 75 2 A
SRJE, HHE KZ464.0 kmi/sbl b, 7E6494] % % Pg
i R S i S R U R SRR R B e LA
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[ 4t (Vidale, 1988; Hole, 1992; Zhao%, 2004; Lan
FiZhang, 2013a, 2013b; %555, 2012a, 2012b; Xi
gL, 2012, BAEEILAE, 2014; MafliZhang, 2014).
ARAF B0 M 5T A (PR V5 4%, 2014), W] LU Sk
0 b 5 TR A SR T R 2 M ST R AR AR

L& PR A S B B

) 2R PR ARG, &) TIBERAH LG, 252 )1 X
5 JE RIMoholfi S 3 Pe, P Pn& 4 43 ik 7 kH 17 e L
AR, Pz 51 )1 M X Moho IV JE A1 ok 2 2% 5 A (RE 4
K14, 1993; JB S0, 1994; Liud%, 2001; F R4,
2002; [1:& 8%, 2003; Chen, 2010; Sun 4%, 2012;
Zhou%s, 2012; kA 4%, 2013; Zhang Z J&, 2013;
Teng %5, 2013), [ 5 AH M M 2 8] 1 A i) F 460 it 34
TBERTF BISL R PR, &5 K2~7.

MR UL, REAHE R iR ARE, B I T &
FEW G4 46.0 km/s), 5% S e S SR ST
WP & E IOk, 26 B Moholfl By, 72 A1 ih £ &
SR F= FE S W T 2 R TR R X T PmiE
A, KRR R AT e A2 4 S i, MURE P~ A 4 S0 )z
i o L A R 3k S RSB A S S AT AE T B S
LAMoholfl (¥ i S FEAHPm B M ARAE DY, 26— g
(& 2(a)), EMmAEE150 kmAs Ay, PmigAH & &
2.3 skifq, M HE200 kmZ: 45 ol B A, 4 — 4
PO (3(a), EmE 150 kmis 4y, PmiEHdr &
3.3 sAiAy, Mm% H200 kmA A7 TiB i m A, & =
MG (K14@)), 7EmFEER150 kmAsAq, T EE Rz 4,
T #E 200 kmZi A7, PiEARYT & i 2.2 /ey 56 DY
VG0 (K5(8)), fEMmEIELS0 kmAids, PmEAHTT &
FEI2.7 shAr. WAV, Pm AT & 28 I 5 B i
HOK L PRk /N, R WIH TR Moholf, M Z< v
R ETA R TR

SRR 2 UAEIE, IR S 28 BR E v
SLREAT 2 e A E I 40 5 (Cerveny 2%, 1988; Vidale,
1988; ZeltF1Smith, 1992; Cerveny, 2001; 7 ¥ 4%,
2004; Xu%%:, 2006, 2010, 2014; 2= k%, 2013), 315
I 28 )OS S5 R R BRI AL BRI R A REAH PR
T 2 M SRR, TR M T e oY % X g A B
YBR[ e B0 20, REAHBRAT S, R AR o BT
PR ZEAE£]L km/idy, MBS MR Z/E+0.1 km/Afi. 6
J I L REAHIU A . G ERIE I S S 1 7% ] AL 1] 2~7.
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NaY
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308 (km)
8
6_
—rfrf
z 4 |t T
= ____4..1-1-""6"
24 | e T T et ]
{0 Tl sd Ny
¥ 04
24
(©)
-4 T T T
-300 -250 -200 -150 -100 -50 0
1R#8 50 (km)

B2 WRIL-EEE A EFIT Spol Ja
() MEEHIAGERIIE; (b) SRR (© FMitiZE

2.3 ERAMN L R

I V-V 1 T O 1) S I 0L 45 45 SR (I 8) A i £k
T =i Pl (P 9) Sl 7w 12 DX 3l ) T 1 S e 78 i Ok ' A
AE I UL A LU AR, phE IN UL 5 75 B (1) — 4 2 45
(aPTIEHILE

3 WYL B v E A M

3.1 HIm _gEd A
T~ B ) 7 45 4 7T DA AR 23 B e

(M ~P1). 7 (P1~P3) Al | Hb5% (P3~Moho) (]
10). M bEHbSEH RS, /N T5.8 km/siRIX Jak, 145
A FL, FEHEBEE, KT5.8 km/siIX I, i
FEARE S, SEAH BN Wit (1§110). 2% v 5K
Sz Bt ) B DX (1 b 58 1 B2 454 (RE 40 M4, 1993; XK
FH MLA%, 2011; Teng 4%, 2013; 7K RI4:%% 2013), LA
A3 HH A T 45 & BE R 1) B V1% 765.8 kmisAE A,
T 25 R SR AR AR 2 ke A7, KPS 80 L )
(AR AR AR AE (R 7555, 2014), T A8 ) Z1 1 X 35
PTG VE BN 45 . V2 M S AR T 3 40 A G - 4%
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TRt W LR O 4 e B S5 4 ity R 3 308

HE (km)

T T T T
250 300 350 400

T T T T
450 500 550 600 650

EBES (km)
6_
0 4 4_.4--"'"--’- -r_r__dr--
= LA TTTT THL
1 2| | et 1 FTI T
0 E E - TfELLLll]] <+l e 17T
£ o
_2_
-4 T T T T T T T T ©
-200 -150 -100 -50 0 50 100 150
{m#8Eb (km)

B3 WHIL-EEEEE AR A Spo2 X
(@) HuAERATAER A, (b) HHEGBERGHR, (©) B ikiE A

THL W 2(Y M-LZIF) Fl % 7 i 24 (ANHF) . /N
FLOXIF) I ZR A0 ki 7 - 7K 3k B 384 (WN - SCF) 1) 2R ) 45—
X, 785 R E 4.0 km/sAi AT, T X A7
TR W R (CHR) A M, A2 P O T P 1R 1 R
B A MR X, M = 426.0 kmisbL L.

P Ml 75 S 43 B 4546 4 6.2~6.6 kmi/s, {HLIY T
R 1) AR AR5 AIE B Y2 (16120). 1Ay Jm) 08 52 B v AR A
AR 4 0.1~0.2 ks A7, FE AT, A2 /M
Wiy i sgm,  bh R R e BRI AR AR, T
S B, 7E Y A 6.9~7.2 km/s, 7E Al A AR g
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ik, 46.8~7.0 km/s( & 10). I 1 Mohofi % J& (A< 3
M ool V4 i 241 F A6 Kb /K HE TR E), PN s Y FBL Y
IR £147~53 km, Moholfl & B W1 & L, ik e
42~50 km, AMFIRZ138~42 km, il £ 40E, Moholfd
B (#110). K10, FErbh s A, A AT
S AFDOT Y. PR S 2 % A0 S ik e ([ ), o T A Y 1) R
CIEIIEEHSY

3.2 WPESMHTANLLER
MHLTE R BB A ok (K1), 7 T3
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Bl 4 WVIL-TEEE5E A AR Spo3 4
(@) MREREHIRUER LA (o) SHEBEESRL (O MibHEl

T E N 6.3~6.5 kmis/iAT, il 416.2~6.4 km/sAi AT,
Hhal 26.3 kmis/ida. 2 NLWT A K5, T 2R
FEL 0 S~ 35 3 P 1. BT 45 b 5 (BT &5 56 I 45 Moho
12 [R5y, 2% e — ek, Ao ik 5 7 5.8~6.1
K/ 38 J 2541 £k 42 Moho i 2 8] 3 43) (1) F- 24 3 &
SER(KI12(0) v LLBE 2 E H, L pTRUZ 52,
P AT 01 Y3 B K, £96.4~6.5 kmis/E AT, i Al
FEHH IR P24 4 6.3~6.4 ks Ay, P& 12(b)ik Al
DU, AT R840, 765 Ay Xk, anok-raE
S 7E100~260 kmZidy, EL AR A, HABX k4%

EERAINRA T, B AR S (2 R W AR W IR, k)2
Wb e AR o SR D, MERR R, B R AL
FEAZ I IEA, R DA K 1 v R R S
R

AT PN, JEC AR O3t 58 V- 2503 FE AT, i
LI 25 7 1P By IR (M 12(b)), 5 Bdhse
TR S R (TR 555, 2014) LA S e 46544 (K1 10), Al
VNI % Db A 2240 kmBLE, W RED) 5 RA
e,

TR R Y (AR M TE IR E 1R AN LTE I P
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\\\\%\\\\\\\\\\\\\\m\\ —
T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500
67 (km)
8
6_
@ 4
1:\7:' 4-“‘r
o2 ) L7 ) 5y
ig 0-f T3 qr ] F+FIZS FTT [+ 73
_2
4 (©)
-:250 —2I00 -150 -100 —éO fIJ 5IO 1(I)0 15IO 200 250
Im#E0 (km)

Bl5 WRIL-HHEEAMREIE Spo4
(8) HURERAHALER LA (b) STERIBERSTR, (o) HlitHR K

I (R 1 A5 300~400 k2 7] e AN, 7745 W] e 55 J5
(1)L M e X, 7KSF 7 1) 4E {1 3@1 100 km, 10~15 km
TR 0 A0 AT g kg FU I B 1) W T, 11 13(8) Hh A (R
ST 2 B Hh A 1) JELRE 3 S R AR AE.

RITTIN V1 - 2 457 -3 BRL) TR AH T 7R N 95 R Hh
DR 5 TR A W Y1 -2 A - 2 U 51 T (RE 2040 %%, 1993).
ZA T 21360 km, A S THI A AE — 52 A8 XA
IR o i B U (U PSR E A NTTE SR 7l wb: L 2
DY AN 3 DX R — AN i DX A3 X 20 30 A7 T W T B
Wy KMERIE . A AE DLV AR PP 2 1) S S5 BE DA R,
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I XA T S B A 2 ), X A A R
RMIEERBIE M A, SCRUCH B ST s ik S
BERACRH A R DI A OC (RE A MNSE, 1993). k4
B N Ve T 0 v R (1 N S €7
2014).

AT YL-35 W TH, P e A7 4E5.5~5.7 km/sfHIfIk
TS AR SO A 2 W R AR S R 1T
T Hb 5 VO K 6.6~6.8 km/s, 7EEE R AE A R T,
TSR W ) B, Sz X b A
TAAR AT BEAT VR A 1 T S (RE A AN 5, 1993).
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(8) HUREREAHALER LA (b) STERIBERSTR, (o) ElitHR K

N -7 A T 52 30 PN A4 TR i v« Mohoffi
L BERRRAE, A% M X [ e 1 Eh e AU M R
B UL () S 4. BRGS0 1
P 7 X 35k (Sp04 R Sp0sHE 2 1), 7E L7210 kmig B
Wb, Sip i 2hAe) S B A ) v R REAE (LT A,
2014); 7EHHh5E25 kmid, R D R S ILSHE
Eﬁ%ﬁwm%nm%)u&WwE%[mmﬁ

AN, SIIHE R 45 R HR B S R AE (Zhou 25,
muyﬁ%%&&%%%ifﬁ%?ﬂ*mm%m

K Ze A7 1 B AR AF (Liu 2%, 2001). Pl pif 46

S8R K KO A8 DX 3L R 0 T 8 8 A S R g i (L el
&, 2014). HE KK G M ) I RE BN eR sl R B oK,
7E WA X 38, R Sp044s F11Sp05H 22 8], Mohoifii L F#,
KL 48~58 km; Ay & rpaly FLAR Al X 3, BRI
Sp03-Sp04Xift <, Moholfl & #i-L ik, K& HK46~48
km(Chen 4§, 2010); 2 J& 2142 5 ok £S5 R 15 1) 0

M oholfil 25 H 26 () J5 &, -4l FE 58 i ) 5 A SC 58 A
PR SR A Moho R FERFMEAHIT . 43 H7 2 5 )1 X 48 65

H%ﬁ%%%@ﬁ%ﬁT*U%Mdmﬁ%ﬁ“ﬁ
UL ) AR A 5 S S (Sun - 45, 2012). K140 AT
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